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[57] ABSTRACT 

Disclosed is a sintered ceramic body having a composi- 
tion comprising (i) S13N& (ii) a combination of an oxide 
of an element of the group Ilia of the Periodic Table 
having an ionic radius smaller than 0.97 A and an oxide 
of other element of the group Ilia of the Periodic Table, 
having an ionic radius larger than 0.97° and (iii) an oxide 
or nitride of at least one of the following: (l)at least one 
element of group Ila of the Periodic Table; (2) Al; (3) 
Ti;(4)Cr;(5yGa;(67Z^ 

nitride body shows a high oxidation resistance when it 
is used for a long time at high temperatures, and the 
sintered body is excellent in the creep characteristics 
and flexural strength at high temperatures. 

7 Claims, No Drawings 
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SINTERED SILICON NITRIDE BODY 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 



BACKGROUND OF THE INVENTION According to the present invention, a sintered silicon 

y«x«-u m « y 5 nitride body is prepared from a composition comprising 

^ Field of the Invention ^a, oidL of ^ elements and an oMo or 

The present invention relates to a sintered silicon ra 4T eofalu ^^ 

nitride body having a noveloomposition, which is im- characterized in that an oxide of an eie- 

proved m mechanical properbes such as creep resis- m ofthe IIIa 0 f the Periodic Table having an 

tanc* and flexural strength at high temperatures and is „ ^ Smaller ^ 0l9 7 A and an oxide of other 

excellent m the oxidatooa i resistance. d&n£nt of ^ nia of ^ Periodic XablCf ^ ^ 

(2) Description of t^Pnor Art an element having an ionic radius larger than 0.97 A, are 

A sintered silicon mtnde (Su W body is known as a at a ^ c ratio and used as the rare earth 

high temperature materud or a high abnudon resistance e]ement oxide . According to the present invention, by 

matenal. However, S13N4 is defective in that the sinter- 15 dint of this characteristic feature, the sintering property 

ing property is bad, and as a material for production of of Si N k ^^ved, with the result that a sintered 

a sintered body having high density and high strength, ^ wh ich is highly densified and has an improved 

there has already proposed a sflicon mtnde composition nexura] stre Dgth can be obtained. Namely, a sintered 

in which an oxide of an dement .of the = group Ilia ofthe S13N4 body which is excellent in such mechanical char- 

Penodic Table, such as yttna (Y 2O3), is incorporated or ^ ^^4}^ ^ ^ crccp resistance and flexural strength 

AI2O3 is fiirtoer ' mcorpowted for example, Japa- at ^ temperatures and also in the oxidation resistance 

nese Patent Publication No. 21091/74 or No. 3649/77). ^ ^ obtamed according to the present invention. 

However, a sintered body obtained from this composi- It ^ ^ m elements of the lanthanum series 

tion is still insufficient in the flexural strength at room among rare earth elements, ionic radii are gradually 

temperature (about 60 kg/mm*), and it has been found ^ decreased little by little with increase of the atomic 

that when this sintered body is used for a long time at a number. Trivalent ionic radii of rare earth elements are 

high temperature, especially in a high-temperature oxi- show n in Table A below, 
dative atmosphere, the sintered body readily undergoes 

oxidation and such characteristics as the creep resis- TABLE A , 

tance, flexural strength, dimension precision and shape 33 Ionic Radii (A) 

precision are drastically reduced. Larger Than 0.97 A (b) Smaller Ttan (X97 A (a) 

SUMMARY OF THE INVENTION ?$^ +) <0>94) 

ft is therefore a primary object ofthe *« W& £ «ug 

tion to provide a sintered silicon mtnde body which is 35 eu <a«) 

improved in mechanical characteristics such as the flex- Tb (0.92) 

urai strength and creep resistance at high temperatures. ^J) 

Another object of the present invention is to provide Tm ^l) 

a sintered body of silicon nitride having a novel compo- Ho (0.89) 

sition, which is improved in the sintering property of 40 Gd (0.93) 

SijN* and capable of providing a dense molded body S 0 <P- 81 > 
and is capable of providing a sintered body in which the 

mechanical characteristics and oxidation resistance are The reason why the above-mentioned excellent func- 

highly improved while controlling the growth of crys- tional effects can be attained in the present invention by 

tal grains at high temperatures. 45 combining oxides of elements of the group Ula of the 

More specifically, in accordance with the present Periodic Table differing in the ionic radius at a specific 

invention, there is provided a sintered silicon nitride. ratio has not been completely elucidated, but the fol- 

body having a composition comprising (i) 80 to 99.8 lowing can be considered. 

mole% of silicon nitride, (ii) at least one oxide of an Silicon nitride powder is covered with a coating of 

element of the group Ilia ofthe Periodic Table having 50 silica (SiOjJ. When two kinds of rare earth element 

an ionic radius smaller than 0.97 A and (b) at least one (RE) oxides differing in the ionic radius are added to 

oxide of an element of the group Ilia of the Periodic silicon nitride powder, reactions of SK>2-(RE)2Q3 and 

Table which is different from said element of the group Si3N$r(RB)203 take place, and it is considered that pha- 

IHa of the Periodic Table, the total amount of the ox- ses are formed according to the following rule. The rare 

ides (a) and (b) being 0.2 to 20 mole% and the (a)/(b) 55 earth element oxide having a smaller ionic radius is 

molar ratio being within a range of from 10/90 to 90/10, likely to react with SiOi and such compounds as (RE> 

and (in) an oxide or nitride of at least one ofthe follow- . 203.(Si02)2 and (RE)203.(Si02> are formed in the sin- 

ing in an amount of 0.1 to 5 parts by weight per 100 tered body. On the other hand, the rare earth element 

parts by weight of the sum of the components CO and oxide having a larger ionic radius is likely to react with 

(ii): 60 SisN4and such a compound as (RE)203.Si3N4 is formed 

(1) At least one element of the group Ila of the peri- in the sintered body. In compounds of the type (RE)- 
odic table; 203.(Si02>2» a smaller ionic radius of RE gives a higher 

(2) Al; melting point and in compounds of the type (RE)a03.- 

(3) Ti; SisNfc a larger ionic radius of RE gives a higher melting 

(4) Cr, 65 point. However, if two kinds of rare earth element (RE) 

(5) Oa; oxides differing in the ionic radius are added to 

(6) Zr; and the grain boundary phase is filled with a high-melting- 

(7) Si point crystal phase to give an effective influence to 
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improvement of the strength at high temperatures. Fur- face by oxidation, this covering layer ac ts as a protect- 
thermore, an oxide of RE having a smaller ionic radius ing layer for inhibiting diffusion or oxygen in the into - 
is highly effective as the sintering aid, and an oxide of nor and oxidation reaction, and the oxidation resistance 
RE having a larger ionic radius is effective for improv- is prominently improved and the life of the sinterecT 
ing the strength at high temperatures. It is deemed that 5 fag y m a mgh-temperature oxidative atmosphere is 
by combining these two RE oxides, the sintering prop- prolonged. " 
erty is prominently improved. It is believed that the If the amount of the oxide or nitride of an element of 
excellent functional effects of the present invention can the group Ha of the Periodic Table, Al, Ti, Cr, Ga, Zr 
be attained for the above-mentioned reasons. or Si is smaller than 0.1 part by weight per 100 parts by 

In the present invention, S13N4 having an a-type or 10 weight of the main component comprising Sijty and 
£~type crystal structure is used as silicon nitride. appropriate amounts of oxides of elements of the group 

The elements shown In Table A are used as the ele- Ilia of the Periodic Table, the above-mentioned pro- 
ment of the group ma of the Periodic Table having an tectmg layer is not sufficiently formed and the oxidation 
ionic radius smaller than 0.97 A, and as preferred exam- degree is increased. If the amount of the additive ex- 
ples of the oxide, there can be mentioned yttria (Y2O3) 15 ceeds 5 parts by weight, the creep resistance and flex- 
and ytterbium oxide (Y02O3). The elements shown in ural strength at high temperatures are degraded. 
Table A are used as the element of the group Ilia of the A sintered silicon nitride body especially preferred 
Periodic Table having an ionic radius larger than 0.97 for attaining the objects of the present invention has a 
A, and as preferred examples of the oxide, there can be composition comprising (i) 90 to 99 moIe% of SbN* <ii) 
mentioned lanthania (La203) and neodymium oxide 20 a combination of (a) YD2O3 and (b) Nd2<>3, the total 
(NtfeOa). amount of (a) and (b) being 1 to 10 mole% and the 

In the present invention, it is important that Si^ (a)/(b) molar ratio being in the range of from 30/70 to 
should be incorporated in an amount of 80 to 99.8 70/30 and (ill) A1N or CrN man amount of 0.1 to 5 parts 
mole%, especially 90 to 99 mo\c%, based on the total by weight per 100 parts by weight of the sum of 0) and 
amount of SisN4 and the oxides of the elements of the 25 (ii). 

group Ilia of the Periodic Table, and that at least two Powders of the foregoing components are sufficiently 
oxides of elements of the group Ilia of the Periodic mixed and finely divided by so-called wet pulverization 
Table should be incorporated in an amount of 0.2 to 20 or the like, and the pulverization product is subjected to 
mole%, especially 1 to !0 mole%, based on the total spray granulation or the like and dried. Molding of the 
amount of Si3N* and the oxides of the element of the 30 resulting composition is accomplished by mixing the 
group Ilia of the Periodic Table. If the amount of composition with a binder such as a wax and subjecting 
Si3N4 is outside the above-mentioned range, the the mixture to a known molding operation such as corn- 
strength at high temperatures is drastically degraded pression molding, injection molding or cold isostatic 
and the oxidation resistance is somewhat reduced. pressing. The obtained molded body is preliminarily 

If the total amount of at least two oxides of elements 35 sintered according to need and is then sintered in an 
of the group Ilia of the Periodic Table is smaller than inert atmosphere a* & high temperature. Ordinarily, 
0.2 mole%, densiflcatioii is no: caused and the strength preliminary sintering is carried out at a temperature of 
is degraded, and the bulk specific gravity is reduced end 1500" to 1800° C. for 0.5 to 5 hours under atmospheric 
the porosity is increased. On the other hand, if the total pressure, elevated pressure or reduced pressure. It is 
amount of the oxides of the elements of the group Ilia 40 preferred that the sintering treatment be effected by hot 
of the Periodic Table exceeds 20 mole%, the flexural isostatic pressing. Hot isostatic pressing is accomplished 
strength at high temperatures is drastically reduced and by charging the preliminarily sintered molded body in 
the oxidation resistance is reduced. an apparatus comprising a pressure cylinder, a bottom 

It also is important that (a) an oxide of an element of closure, an insulator mantle and support arranged in the 
the group Ilia of the Periodic Table having an ionic 45 interior and a heating element arranged on the inner 
radius smaller than 0.97 A and (b) an oxide of other side of the insulator mantle, and supplying an inert gas 
element of the group Ilia of the Periodic Table should under pressure and heating the charged molded body, 
be combined and used at an (a)/(b) molar ratio of from Pressurization of 1500 to 2000 atmospheres (gauge) and 
10/90 to 90/10, especially from 30/70 to. 70/30. If the heating to 1500° to 2000* C are effective for this hot 
molar ratio is outside the above-mentioned range, me- 50 isostatic pressing. Nitrogen gas is advantageously used 
chanical properties such as the flexural strength, espe- as the inert gas, but other gas such as argon can be used, 
cially the creep resistance and flexural strength at high The sintered body obtained by the hot isostatic press- 
temperatures, are degraded. ing treatment is polished by sand blast or the like ac- 

According to the present invention, by adding 0. 1 to cording to need, and a product is thus obtained. 
5 parts by weight of at least one member selected from 55 The present invention will now be described in detail 
oxides and nitrides of elements of the group Ila of the with reference to the following examples that by no 
Periodic Table, Al, Ti, Cr, Ga, Zr and Si to 100 parts by means limit the scope of the invention. " 
weight of the main component comprising Si$S4 and 

appropriate amounts of oxides of elements of the group EXAMPLE 1 

Ilia of the Periodic Table, a completely dense, anti- 60 A powdery composition formed by adding an oxide 
oxidative protecting covering layer is formed. If at least of an element of the group Ila, Al, Ti, Cr, Ga, Zr or Si 
one member selected from oxides and nitrides of ele- in an amount shown in Table 1 to a mixture of Si3N* and 
ments of the group Ila of the Periodic Table, Al, Ti, Cr, at least two oxides of elements of the group Ilia of the 
Ga, Zr and Si is added as the additive, there can be Periodic Table was mixed in a ball mill for 24 hours, 
attained an effect of densifying a powdery oxide formed 65 The obtained slurry was dried and granulated and then 
by oxidatipn_of tfie composition comprising silicon ni- press-molded, and the binder used for molding was 
t ride and rare earth element oxi des. A ccordingly , if a removed in vacuo and the molded body was sintered 
dense oxide covering layer is once formeS on the sur- under conditions shown in Table 1. Thus, samples of 
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Nos. 1 to 31 were obtained. Incidentally, in case of respect to each of these samples Nos. 1 through 31, the 
samples Nos. 7 and 9, preliminary sintering was carried four-point bending flexural strength test according to 
out by hot pressing, or in case of samples Nos. 8 and 29 Japanese Industrial Standard R-1601 was carried out at 
through 31, preliminary sintering was carried out at room temperature and at 1300* C» and the degree of 
1800° C. at 2.0 MPa in a nitrogen atmosphere, and then, 5 oxidation was examined based on the weight increase 
the HIP treatment was carried out under sintering con- (mg/mc 2 ) after 1000 noun* standing at 1300° C. to eval- 
ditions shown in Table 1. In case of other samples, uate the oxidation resistance at high temperatures. The 
ordinary atmospheric sintering was carried out With obtained results are shown in Table 1. 

TABLE 1 

Composition of Main Component Composition of Additive 

Sample silicon nitride compound of element of (part by weight per 100 parts by 



No. 


(mole 9&) 


group Ilia (mole %) 


weight of miin 


com; 


1 


95 


Y2O3 
U2O3 


2 


AI2O3 


ai 


2 


95 


LazC>3 


2 


A1N 
SiOj 


1 
2 


3 


90 


PrcOn 


5 


S1O3 
T1O2 


2 
3 


4 


90 


CeOi 




ctaOs 
AJ2O3 


1 

3 


5 


90 


Y2Q3 
Laj03 




AJ2O3 

Gaj03 
BsO 


1 
4 
1 


5 


85 


S1D2O3 

Y2O3 

CeQ2 


5 


S1O3 
ZrOj 


1 

2 


7 


95 


Y2O3 
U2O3 


3 


AI2O3 


0.1 


8 


95 


Y2O3 
Nd20 3 


I 


O2O3 
SrO 


0.3 
1 


9 


85 


Y2Q3 
YN 


J 


A120J 


3 


10» 


95 


Y2O3 
U12Q3 


I 


- 




!!• 


85 


Y2O3 
LA2O3 
SOT2O3 


5 


— 




n* 


98 


Y2O3 








13* 


75 


Y2O3 
Laj03 


15 
10 


A12Q) 


7 


14* 


90 


Y2O2 
La^ 


5 


AljOs 


; 


15 


96 


Nd203 
Yb 2 0 3 


I. 


AIN 


0.5 


16 


96 


La 2 03 




AJN 


as 






YD2O3 


1 




1.5 


17 


96 


Nd 2 03 




AIN 






Yb2G3 


* 


AIN 


4.0 


18 


96 


Nd203 


2 






Y02O3 


2 




0.5 


19 


96 


Nd 2 03 
Yb 2 03 


2 
2 


CrN 


20 


96 


La203 


2 
2 


CrN 


0.5 


21 


96 


Nd203 
Ybi0 3 


2 
2 


CrN 


4.0 


22 


96 


Nd203 

Y 2 0 3 

YD203 


1 
1 
2 


AIN 


0,5 


23 


95.5 


U 2 03 
Nd20 3 
Yln03 


1.5 
1.5 
1.5 


AIN 


as 


24 


95.5 


L*lOl 
Sm 2 03 


1.5 
1.5 


AIN 


05 






Yb 2 0 3 


1.5 


AJN 




25 


96 


Laj03 
Nd 2 0 3 
Sm^ 


1 
1 
1 


0.5 






YbiCh 


1 




0.5 


26 


96 


Nd 2 03 

Y2O3 

Yb203 


2 
1 
1 


AIN 


27 


96 


Nd 2 0 3 
Y 2 Q3 


I 
I 


AIN 


as 






YMO3 


2 




as 


28 


95.5 


La 2 Oj 
Nd 2 03 
Ybz03 


1.5 
1.5 
1.5 


AJN 


29 


95.5 


La 2 Oj 
Sm 2 Q3 


1.5 
1.5 


AIN 


0.5 
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TABLE 1 -continued 











Nd 2 03 1.5 






30 




96 




U2O3 1 
Nd20s 1 
SrajOj 1 
Ybjpj 1 




AIN 0.5 


ii 
Jl 




96 




La^P} 2 
Yb203 2 




AIN 0.5 












Properties of Sintered Body 










flexural 


flexure] 






Sintering Conditions 




strength 


strength 




Snrnnlp 




nitrogen 


bulk 


at room 


at high 


weight increase of sintered 


tempers* 
tun CC) 


pressure 




temperature 


temperature 


body, 1300 C./1000 nrs 


No. 


(MPS) 


ftwtiiHi 

graviiy 




0*04 (IJCAT O 


(mg/cm 2 ) 


1 


1950 


10.0 


3.26 


115 


101 


O50 


2 


1950 


10.0 


3.27 


107 


95 


(U0 


3 


1850 


0.1 


3.45 


96 


82 


0.70 


4 


1850 


2.0 


3.47 


87 


63 


0.90 


3 


1850 




3.49 


76 


54 


0.40 


6 • 


1850 


098 


3.48 


79 


53 


O20 


7 


1800 


0.1 
(H-P) 


3.29 


123 


108 


0.50 


8 




200.0 


3.26 


94 


86 


0.60 


9 


1500 


0.1 
nim 


3.58 


76 


63 


0.90 


10* 


1950 


iao 


3.24 


118 


105 


15.50 


n* 


1850 


a98 


3.44 


83 


62 


oxidation to the interior 


12* 


2000 


20 


2.78 


43 


40 


porosity of 13% 


13» 


1750 


, 0.98 


3.56 


74 


31 


1.30 


14* 


1750 


2.0 


3.49 


76 


25 


1.20 


15 


1980 


a98 


3.38 


96 


35- 


0.19 


16 


1980 


0.98 


3.37 


105 


101 


0.17 


17 


1980 


0.98 


3.38 


112 


104 


0.11 


18 


1980 


0.98 


3.37 


105 


91 


0.10 


19 


1980 


0.98 


3.39 


87 


81 


0.20 


20 


1980 


0.98 


3.39 


39 


86 


021 


21 


1980 


0.98 


3.44 


90 


88 


0.19 


22 


1980 


0.98 


3.37 


95 


91 


021 


23 


1980 


0.98 


3.37 


105 


92 


017 


24 


1980 


0.98 


3.37 


103 


90 


016 


25 


1980 


0.98 


3.36 


91 


89 


O20 


26 


1980 


0.98 


3.36 


89 


83 


0.21 


27 


1980 


0.98 


3.34 


87 


88 


0.23 


28 


1750 


200.0 
(HIP) 


3.38 


124 


MS 


0.C? 


29 


1750 


200.0 
(HIP) 


3.38 


119 


110 


on 


30 


1750 


200.0 
(HIP) 


3.37 


121 


117 


0.12 


31 


1750 


200.0 
(HIP) 


3.38 


126 


119 


O10 



Note 

•outside the scope of the present invention 



Samples Nos. 1 through 9 and IS through 31 are 
within the scope of the present invention, and in sin- 
tered bodies obtained by sintering a composition com- 
prising 80 to 96 mole% of S13N4 and 4 to 20 mole% of 
at least two oxides of elements of the group Ilia as the 50 
main component and at least one member selected from 
oxides and nitrides of elements of the group Ila, AJ, Ti, 
Cr, Ga, Zr and Si in an amount of 0.1 to S parts by 
weight per 100 parts by weight of the main component 
under conditions indicated in Table 1, the flexural 55 
strength at 1300° C is at least 53 kg/mm 2 and a higher 
strength is ensured, and the weight increase at the oxi- 
dation test is smaller than 1.0 mg/cm 2 and the oxidation 
resistance is excellent It is ordinarily understood that if 
this weight increase is smaller than 1.0 mg/cm 2 , an 60 
anti-oxidative protecting covering layer is sufficiently 
formed. 

In contrast, it is seen that in samples Nos. 10 through 
14, which are outside the scope of the present invention, 
the flexural strength at room temperature or high tern- 65 
peratures and the oxidation resistance are degraded. In 
case of samples Nos. 10 and 1 1 where the oxide or ni- 
tride of an element of the group Ila, Al, Ti, Cr, Ga, Zr 



or Si is not added, the weight increase of the sintered 
body is as large as 15.5 mg/cm 2 and the oxidation de- 
gree is very high or oxidation is advanced even to the 
interior, and it is seen that the oxidation resistance is 
poor. In sample No. 12, only Y2Q3 is added as the oxide 
of the element of the group Ilia and the amount added 
of Y2O3 is 2 mole%, that is, outside the scope of the 
present invention, and the oxide or nitride of an element 
of the group Ila, Al, Ti, Cr, Ga, Zr or Si is not added. 
In this case, sintering is not satisfactory and the density 
is low, and therefore, the flexural strength at room 
temperature or at high temperatures is degraded and the 
porosity is 13% or higher. Accordingly, the product 
cannot be put into practical use. 

In sample No. 13, AI2O3 is added as the additive in an 
amount of 7 parts by weight to 100 parts by weight of 
the main component comprising 75 mole% of Si3N4and 
25 raole% of the oxide of the element of the group Ila, 
and the composition is completely outside the scope of 
the present invention. In this sample, the flexural 
strength at high temperatures is drastically degraded 
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and at the oxidation test, the weight increase of the 
sintered body is relatively too large and 1.3 mg/cm 2 . In 
sample No. 14, the main component comprising Si3N* 
and the oxide of the element of the group Ilia is within 
the scope of the present invention, but the amount of the 5 
oxide or nitride of the element of the group Ila, Al, Ti f 
Cr,Ga,Zror Si is 7 parts by weight per 100 parts of the 
main component and exceeds the range specified in the 
present invention. In this sample, the flexural strength at 
high temperatures is degraded and at the oxidation test, 10 
the weight increase of die sintered body is 1.2 mg/cm 2 
and is relatively too large. 

As is apparent from the foregoing description, a sin- 
tered body obtained by sintering a composition com- 
prising 100 parts by weight of a main component 15 
formed by adding appropriate amounts of oxides of 
elements of the group ma of the Periodic Table to 
SbN4and 0.1 to 5 parts by weight of at least one mem- 
ber selected from oxides and nitrides of elements of the 
group Ha of the Periodic Table, Al, Ti, Or, Oa, Zr and 20 
Si has a flexural strength at 1300° C of at least 53 
kg/mm 2 , which is practically sufficient, and the weight 
increase at the oxidation test is smaller than 1.0 mg/cm 2 
and the sintered body is excellent in the oxidation resis- 
tance. 25 

EXAMPLE 2 

In the same manner as described, molded bodies were 
prepared by using compositions shown in Table 2, and 



samples Nos. 1 through 11 for the flexural test were 
obtained. With respect to these samples, creep test spec- 
imens having a thickness of 0.902 mm, a width of 4.01 
mm and a length of 55 mm were similarly obtained. 
Samples Nos. 1 through 8 were obtained according to 
the ordinary nitrogen atmosphere sintering method, and 
samples Nos. 9 through 11 were obtained by sintering 
according to the hot isostatic pressing method 

With respect to each of the creep test specimens, the 
creep test was carried out at 1300* Gfor 100 hours 
under a bending stress of 108 MN/m 2 according to the 
four-point bending method in which the upper span was 
19.1 mm and the lower span was 39.8 mm. The strain 
quantity (c) of each specimen was determined accord- 
ing to the following formula: 



c(strain quantity) =[(4W)/L 2 ) 



(1) 



wherein h stands for the thickness of the specimen, L 
stands for the upper span and d stands for the quantity 
of deflection. 

Furthermore, the flexural test specimens of samples 
Nos. 1 through 11 were subjected to the four-point 
bending strength test at room temperature and at 1300° 
C, and the degree of oxidation of the sintered body was 
examined based on the weight increase (mg/cm 2 ) after 
1000 hours' standing at 1300* C. to evaluate the oxida- 
tion resistance at high temperatures. 

TABLE 2 



Composition of Main Component 



Sample 
No. 



silicon nitride 



compound of element of 



^Composition of Additive 

(part by weight per 100 parts by 
weight of main component) 



1 


95.9 


Nd20 3 


105 


A1N 


05 






Y02O3 


105 




0.3 


L 


98.02 


Nd 2 Oa 


0.99 


A1N 






YbaOj 


0.99 






3 


99.61 


La 2 G 3 


OB 


A1N 


1.5 






Nd 2 0 3 


0.13 










YD2O3 


0.13 






4 


93.6 




15 


TiN 


0J 






Sm 2 03 


1.5 


CrN 


0.1 






Y02O3 


14 


GaO 


0.3 


5 


88.1 




14 


BaO 


0.5 






YD2O3 


3.9 


SrO 


0.1 






SC2O3 


5.6 


Zrth- 


0.1 


6* 


79 


La 2 0 3 


7.0 


A1N 


0.5 






Vb20 3 


7.0 










Sm 2 0 3 


7.0 


CrN 


0.5 


7* 


95.9 


Nd2<) 3 


105 


AI2O3 


7:0 






Yb2<> 3 


105 






8 


97.1 


U2O3 


0.99 


SiOj 


4.0 






Nd203 


0.95 










Y02O3 


0.96 


AI2O3 


Ol 


9 


96 


U2O3 


1.0 


A1N 


05 






Nd203 


1.0 










CeOj 


10 






10 


97.97 


U2O3 


0.67 


CrN 


03 






Yb20 3 


044 










Gd 2 0 3 


0.92 






11 


98.86 


Nd203 


021 


SiOj 


09 






YD2O3 


044 










EriCfc 


0.49 







Properties of Sintered Body _ 



Sample 
No. 



Sintering Conditions 
nitrogen 



tempera- 
ture (*C) 



pressure 
(MPs) 



bulk 
specific 
gravity 



flexural 
strength 
at room 
temperature 
&64CRT) 



flexural 
strength 
at high 
temperature 
at* (1300' C) 



weight increase 
of sintered body 
1300* C/lOOOhrs 
(mg/cm 2 ) 



strain quantity 

<«X"i300* cy 

100 bra (X 10- 4 m/m) 



1 


1980 


098 


3.37 


96 


86 


019 


5.5 


2 


1980 


098 


3.26 


99 


91 


O10 


4.1 


3 


2050 


9.80 


3.20 


105 


93 


003 


3.5 


4 


1900 


0.98 


3.41 


81 


77 


052 


7.2 


5 


1900 


0.98 


3.46 


79 


69 


061 


8.0 


6* 


1900 


0.98 


3.69 


59 


3B 


141 


15.2 
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TABLE 2-continued 



7* 


1950 


0.98 


3.12 


89 


39 


3.92 


13.3 


8 


1950 


0.98 


3.29 


91 


64 


0.72 


5.6 


9 


1750 


200.0 


330 


104 


98 


an 


5.3 


10 


1750 


200.0 


3.26 


109 


100 


ao9 


4.9 


11 


1750 


200.0 


3.24 


87 


77 \ 


ao7 


3.9 



Note 

'outside the scope of the present invention 



Samples Nos. 1 through 5 and 8 through 1 1 are within mg/cm 2 . Furthermore, it is seen that the strain quantity 
the scope of the present invention. With respect to each 0 («) at the creep test is as large as I3.3X.10~ 4 m/m. 
of sintered bodies obtained by sintering a composition 

comprising 100 parts by weight of a main component EXAMPLE 3 

comprising at least 80 mole% of silicon nitride (SijN^ This example is to prove that it is important for the 

and oxides of elements of the group Ilia of the Periodic oxidation resistance that the additive component should 

Table, at least two of which are selected from lantha- 15 be added in a specific small amount 

num oxide (LaiOi), neodymium oxide (Nd203) and Sintered bodies were prepared in the same manner as 

ytterbium oxide (YD2O3), and 0. 1 to 5 parts by weight of described in Example 1 except that components shown 

at least one member selected from oxides and nitrides of in Table 3 were used. The obtained results are shown in 

elements of the group Ila of the Periodic Table, Al, Ti, Table 3. 

Cr, Ga, Zr and Si under conditions as indicated in Table 20 From the results shown in Table 3, it is understood 

2, the flexural strength at 1300° C. is at least 64 kg/mm 2 that with increase of the amount added of SrO as the 

and a higher strength is ensured, and the weight in- additive, the strength at room temperature and the 

crease at the oxidation test is smaller than 0.72 mg/cm 2 strength at high temperatures are increased but the 

and the oxidation resistance is excellent It is understood weight increase at the oxidation test is extreme and the 

that an anti-oxidative protecting covering layer is suffi- 23 oxidation resistance is degraded 

TABLE 3 



Additive 

(parts by weight Sintering Strength 





Mais Component 


per 100 parts by 


Condition 


Bulk 


- room 




Weight 


Sample 


(mole %> 




weight of main 


tempera- 


pressure 


Specific 


temper* 




Increase 


No. 


S13N4 






component) 


ture cc.) 


(MPa) 


Gravity 


afore 


1300* C 


(mg/cm 2 ) 


1 


95 


Y2O3 


3 


SrO 


as 


1950 


10.0 


3.27 


105 


95 


0.20 




96 




2 


















2 


Nd20 3 


2 


SrO 


1 


1950 


'0.0 


3.38 


108 


98 


0.20 






V02O3 


2 














3 






2 


SrO 


3 


1950 


10.0 


3.40 


no 


S-9 


0.10 






YD2O3 


2 
















4 


95 


Y2O3 


3 


SrO 


5 


1950 


10.0 


3.27 


112 


100 


0.SO 






LB203 


1 


















5 


96 


Nd 2 0 3 


2 


SrO 


8 


1950 


10.0 


3.42 


118 


103 


0.50 






Yb^Oj 


2 


















6 


96 


Nd 2 Oj 


2 


SrO 


10 


1950 


1GL0 


3.44 


120 


110 


0.90 






Yb203 


2 



















ciently formed. Furthermore, in each of samples Nos. 1 

through 5 and 8 through 1 1, the strain quantity (e) at the 45 We claim: 

creep test is smaller than 8.0 X 10*-* m/m, and it is un- 1. A highly oxidation resistant sintered silicon nitride 

derstood that these samples are excellent in the creep based body consisting essentially of: 

characteristics. In samples Nos. 6 and 7, which are out- (i) 80 to 99.8 mole % of silicon nitride; 

side the scope of the present invention, it is seen that the (ii) 

flexural strength at room temperature or at high tern* 50 (a) at least one oxide of an element of the group Ilia 

peratures, the oxidation resistance and the creep charac- of the Periodic Table having an ionic radius 

teristics are degraded. More specifically, in sample No. smaller than 0.97 A and 

6, the content of silicon nitride (Si3N4) is 79 mole%, (b) at least one oxide of an element of the group 

which is outside of the scope of the present invention, Ilia of the Periodic Table having an ionic radius 

and the flexural strength at room temperatures is 59 55 larger than 0.97 A, 

kg/mm 2 , the flexural strength at 1300* C is 38 kg/mm 2 , the total amount of the oxides (a) and (b) being 0.2 to 20 

the weight increase of the sintered body at the oxidation mole % of the sum of components (i) and (ii), and the 

test is 2.41 mg/cm 2 and the strain quantity (e) is (a)/(b) molar ratio being within a range of from 10/90 

15.2X 10- 4 m/m. It is seen that these properties are to 90/lft wherein the oxide of Ce and the oxide of Eu 

inferior to those of samples Nos. 1 through 5 and 8 60 are considered to be within category (a) and the oxide 

through 11. In sample No. 7, 7 parts by weight of of Pr is considered to be within category (b); and 

AI2O3 is added as the additive to 100 parts by weight of (m) SiC>2 or an oxide or nitride of an element selected 

a composition comprising 97 mole% of silicon nitride from the group consisting of Al, Ti, Cr, Ga, Zr and 

and 3 mole% of oxides of elements of the group Ilia. In elements of the group Ila of the Periodic Table, in 

this case, the content of AI2O3 is outside the scope of the 65 an amount of 0. 1 to 5 parts by weight per 100 parts 

present invention. The flexural strength at 1300° C is by weight of the sum of the components (I) and (ii). 

drastically degraded, and the weight increase of the 2. A highly oxidation resistant sintered silicon nitride 

sintered body at the oxidation test is as large as 3.92 based body consisting essentially of: 
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(i) 90 to 99 mole % of SOS a; ( a ) at least one oxide of an element of the group ma 

(ii) a combination of (a) Y02O3 and (b) Nd^ the of the Periodic Table having an ionic radius 
total amount of (a) and (b) being 1 to 10 mole % smaller than 0.97 A and 

and the (a)/(b) molar ratio being in the range of «J * leas ? one ?^"f" * Iement °f 

T ~k inZT T 3 nia of the Periodic Table having an ionic radius 

from 30/70 to 70/3(* and larger than 0.97 A, 

(Hi) a chemical selected from the group consisting of ^ total of ^ oxides (a) ^ q,) 0 .2 to 20 

A1N and CrN in an amount of 0.1 to 5 parts by moJe % 0 f the sum of components CO and (ii), and the 

weight per 100 parts by weight of the sum of (i) and (a)/(b) molar ratio being within a range of from 10/90 

(ii). 10 to 90/10, wherein the oxide of Ce and the oxide of Eu 

3. A highly oxidation resistant sintered silicon nitride are considered to be within category (a) and the oxide 
based body consisting essentially of: * of Pr is considered to be within category (b); and 

0) 90 to 99 mole % of silicon nitride; W an oxide or nitride of an element selected from 

«j\ the group consisting of Al, IT; Cr, Ga, Zr and 

(a) at least one oxide of an element of the group Ilia " elementsof Regroup Haof me Periodic T^le, in 

of the Periodic Table having an ionic radius amouni of 01 to 5 bv ^ 100 P 3 * 8 

of the Poodle ^Tawe having an ionic radius by weight of the sum of the components fi) and (h). 

smaUerthan0.97 Aand 6. A highly oxidation resistant sintered silicon nitride 

(b) at least one oxide of an element of the group ^ co^^ng essentially of: 
Ilia of the Periodic Table having an ionic radius 20 Q) 90 to 99 mole % of silicon nitride; 
larger than 0.97 A, (n) 

the total amount of oxides (a) and (b) being 1 to lOmole ( a ) at least one oxide ofan element of the group ma 

% of the sum of components (i) and (ii), and the (a)/(b) of the Periodic Table having an ionic radius 

molar ratio being within a range of from 30/70 to 70/30, smaller than 0.97 A and 

wherein the oxide of Ce and the oxide of Eu are consid- 25 (b) at least one oxide of an element of the group 

ered to be within category (a) and the oxide of Pr is Ilia of the Periodic Table having an ionic radius 

considered to be within category*); and *- * . l f^ t ^^ 9 ?/*/ ^ ^u- 1*^ 1 

mi\ c;ru ~, ^ «;^^Vo„ ^i~™«t «.wt~i the total amount of oxides (a) and (b) being 1 to 10 mole 

(111) S1O2 or an oxide or nitride o^f an dement selected SQm of ® £ d ^ (a ) /(b) 

from the group consisting of Al, Ti, Ga, Zr and ^ moIar ratio being ^ a ran ^ of from 30 /70 to 70/30, 

elements of the group Ha of the Periodic Table, in wherein ^ oxide of Ce and the oxide of Eu are consid- 

an amount of 0.1 to 5 parts by weight per 100 parts ered to ^ witiun category (a) and the oxide of Pr is 

by weight of the sum of the components 0) and (ii). considered to be within category (b): and 

4. A highly oxidation resistant sintered silicon nitride (ft) an oxide or nitride of an element selected from 
based body consisting essentially of: 35 the group consisting of Al, Ti, Cr, Gv, Zr aud 

(i) 80 fo 96 mole % of silicon nitride; elements of the group Ha of the J^odic Table, in 

(ii) on amount of 0.1 to 5 para by -/eight per i00 par£ 

(a) at least one oxide ofan element of the group IDa by weight of the «um of the components 0) and (ii). 
of the Periodic Table having an ionic radius u 7 - A ^highly oxidation resistant sintered silicon mtnde 
smaller than 0.97 A and 40 b ^^\?™T$ Tt * f-* 

(b) at least one oxide of an element of the group © 80 to 96 m0,e % of sikcon mtnde; 

Ilia of the Periodic Table having an ionic radius ; (a) at least m oxide of m dana|t of ^ &mp raa 

larger than 0.97 A, of ^ Periodic Table having an ionic radius 

the total amount of oxides (a) and (b) being 4 to 20 mole 45 smaller than 0.97 A and 

% of the sum of components (i) and (ii), and the (a)/(b) (b) at least one oxide of an element of the group 

molar ratio being within a range of from 10/90 to 90/10, Ilia of the Periodic Table having an ionic radius 

wherein the oxide of Ce and the oxide of Eu are consid- larger than 0.97 A, 

ered to be within category (a) and the oxide of Pr is the total amount of oxides (a) and (b) being 4 to 20 mole 

considered to be within category (b); and 50 % of the sum of components (i) and (ii), and the (a)/(b) 

Ciii*) Si0 2 or an oxide or nitride of an element selected m ° lar rati ° within a range of from 10/90 to 90/10, 

from the group consisting of Al, Ti, Cr, Ga, Zr and ° f *** ?f "f?^ fS^ 

1 * f 7 n «a o • i tli * ered to be within category (a) and the oxide of Pr is 

elements of Ae group Ila of the Periodic Table, m to be ^thin category (b>, and 

an amount of 0.1 to 5 parts by weight per 100 parts „ m) m oxide or Stride of an element selected from 

by weight of the sum of components 0) and (ii). we group consisting of Al, Ti, Cr, Ga, Zr and 

5. A highly oxidation resistant sintered silicon nitride elements of the group Oa of the Periodic Table, in 
based body consisting essentially of: an amount of 0.1 to 5 parts by weight per 100 parts 

(i) 80 to 99.8 mole % of silicon nitride; by weight of the sum of components CO and (ii). 

(ii) 60 * * • * * 



65 
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